CT-scan is the most irradiating tool in diagnostic radiology. For 5% -10% of diagnostic X-ray procedures, it is responsible for 34% of irradiation according to UNSCEAR. Patients radiation protection must therefore be increased during CT-scan procedures. This requires the rigorous application of optimization principle which imposes to have "diagnostic reference levels". Objective: The aim of this study was to determine the diagnostic reference levels (DRLs) of the four most frequent CT-scans examinations of adults in Cameroon. Material and Method: It was a cross-sectional pilot study carried out from April to September 2015 in five health facilities using CT-scan in Cameroon. The studied variables were: patients age and sex, type of CT-scan examination (cerebral, chest, abdomino-pelvic, lumbar spine), Used of IV contrast (IV−/ IV+), acquisition length, time of tube rotation, voltage (kV), mAs, pitch, thickness of slices, CTDIvol and DLP. For each type of examination, at least 30 patients were included per center, consecutively on the randomly predetermined days. The DRL for each type of examination was defined as the 75th percentile of its PDL and CTDIvol. Results: Of the 696 examinations, 41.2% were cerebral, 26.9% abdomino-pelvic, 17.7% lumbar spine and 14.2% chest. The mean age of patients was 52 ± 15 years [20 -90 years], 58.9% were 50 years and older. The sex-ratio was 1.26 (55.9% males). The CT machines were 4, 8 and 16 multidetectors. The 75th percentile of DLP or DRLs [standard deviation] was:
[1150 ± 278 mGy•cm], [770 ± 477 mGy•cm] , [720 ± 170 mGy•cm] and [715 ± 187 mGy•cm] respectively for cerebral, lumbar spine, abdominopelvic and chest CT-scans. Taking in consideration the number of detectors, the 75th percentile of the Dose-Length product decreased with the increase number of detectors for cerebral examinations but was the highest with 16 MDCT for the abdominopelvic, lumbar spine and chest CT-scans. For the chest and lumbar spine examinations, there was a significant increase in patient-dose with the increase in the number of detectors. Conclusion: Our DRLs values lie between the norms of some European countries and those of some African countries. There is remarquable variation in dose for the commonest CTscans examinations in Cameroon, requiring then an optimization process from these determined DRLs and establishment of national DRLs. Special attention to optimization should be paid when using 16 MDCT.
Introduction
Computed tomography (CT-scan) is known as the most important medical cause of human exposure due to ionizing radiations in diagnostic radiology. In its 2008 annual report, the UN Scientific Committee (UNSCEAR) estimated that, on a global scale, CT-scans accounted for only 5% of medical imaging examinations (versus 27% for chest X-rays) but contributed 34% to the annual collective dose (3% for chest x-ray) [1] . Patients radiation protection must therefore be increased during CT-scan procedures.
With rapid and constant technological developments, CT-scan has become the most requested examination in numerous clinical situations. Some indications, such as pretherapethic workup of various malignant tumors and total bodyscan, require the exploration of several regions of the body, and thus the increase of patient-dose [2] . The use of CT in pediatric diseases is also increasing, especially in resource-limited countries where MRI is scarce. Sub-Saharan Africa countries as Cameroon experienced the increase number of CT-scan machines in public and private health facilities. In 2016 more than 20 CT machines are available in Cameroon compare to five in 2004.
To reduce patients' exposition to x-rays, the principles of justification and optimization are the cornerstones [3] . Systematic use of clinical imaging referral guidelines is the key for justification [4] . The principle of optimization is the responsibility of manufacturers (development of less and less irradiating technologies guaranteeing good image quality), the radiographers and radiologists who must endeavor to use the lowest doses for adequate image quality (ALARA). The reduction of patient-dose requires then the rigorous application of optimization principle which imposes to have "diagnostic reference levels" (DRLs) as an optimization tool. They are a simple benchmark for identifying situations where the patient's dose levels are abnormally high. Any user of ionizing radiation should refer to these DRLs to evaluate his practice [5] . In CT examinations, the CT dose index (CTDI), the Dose Length Product (DLP) and the effective dose are the most common used dosimetric quantities for DRLs [2] [6] . 97/43 Euratom Directive imposes to each state member to develop and use DRLs. In Cameroon, despite the increasing number of CT-machines, the Diagnostic Reference Levels have not yet been established. Previous studies have shown great variability in the dose delivered to patients for the same types of examinations.
This pilot study was to determine the diagnostic reference levels (DRLs) of the four commonest CT-scans examinations of adults in Cameroon, to provide initial quantitative benchmarks to enable radiology professionals to optimize their Practice and to enrich the continental and international databases on patient-doses.
Materials and Methods
Study Design and Period From April to September 2015 (06 months), we carried out a descriptive cross-sectional study in medical imaging services of five health facilities in 03 regions of Cameroon (Center, Littoral and West). 60% to 70% of CT-scan machines are concentrated in Yaounde (Center) and Douala (Littoral).
Sample Eight potential services with a CT-scan was contacted, five participated to this pilot study, three were not included (2 non-functional machines during the study period and 1 refusal to participate). In each of the 05 services included, we randomly selected at least 30 acquisitions (minimum require is 20 acquisitions) for each of the four commonest CT examinations: cerebral, chest, abdominopelvic and lumbar spine. All acquisitions were helical mode.
Variables The dosimetric quantities recorded were the Dose Length Product (DLP) in mGy•cm (milliGray.centimeter) and the Volumetric CT Dose Index (CTDIvol) in mGy (milliGray). Other studied variables were: patients age and sex, type of CT-scan examination (cerebral, chest, abdomino-pelvic, lumbar spine), Used of IV contrast (IV−/IV+), acquisition length, time of tube rotation, voltage (kV), mAs, pitch, and thickness of slices.
Statistical Analysis The data were collected and analyzed using SPSS software version 2.0. The recommended Diagnostic Reference Levels for each protocol was the 75th percentile of the doses for this examination in the entire sample.
Ethical Considerations We requested and obtained the ethical clearance of the Institutional Ethics Committee of the Faculty of Medicine and Biomedical Sciences (Yaounde) and the recruitment authorizations of the head of the service in which the study was conducted.
Results
Of the 696 CT-examinations recorded, 41.2% were cerebral, 26.9% abdominopelvic, 17.7% lumbar spine and 14.2% chest. The mean age of patients was 52 ± 15 years [20 -90 years] with 58.9% aged 50-year-old and more and 55.9% males (sex-ratio 1.26). The CT machines were 4, 8 and 16 multidetectors (GE, Hitachi, Shimazu) .
Acquisition Parameters In the five services, all protocols were helical with a voltage of 120 kV. The maximum mAs was recorded for lumbar CT-scans (213 mAs average) with highly variable acquisition parameters ( Table 1) .
Patient-Doses for Four Commonest CT-Exams
The highest DLP was observed on cerebral CT-scans (mean 944 mGy•cm) but the greatest variability of patient-doses was found in the lumbar spine CT with differences up to 16 times ( Table 2) . 75 th Percentiles of CTDIvol and DLP Compared to Some Countries' Values The 75th percentile of the distribution of DLPs in our sample allowed us to determine DRLs for cerebral, chest, abdominopelvic and lumbar spine CT-scans in adults in Cameroon (Table 3 and Figure 1 ).
th Percentiles of DLP According to the Number of Detectors of CT Machines
Taking in consideration the number of detectors, the 75th percentile of the Dose-Length product decreased with the increase number of detectors for cerebral examinations but was the highest with 16 MDCT for the abdominopelvic, lumbar spine and chest CT-scans (Table 4 ). For the chest and lumbar spine examinations, Table 3 . DRLs in CT imaging from our study compared with other studies.
Our study DRLs France 2011 [7] Kenya 2015 [8] Iran 2015 [6] CT there was a significant increase in patient-dose with the increase in the number of detectors.
Discussion
We carried out this descriptive study in order to propose DRLs in Cameroon for four commonest adults CT-scans examinations. The 75 th percentile of DLP for cerebral, chest, abdominopelvic and lumbar spine CT-scans were respectively 1150 mGy•cm, 715 mGy•cm, 716 mGy•cm and 770 mGy•cm. The DRLs from our study are globally higher than those in France (2011), apart from the abdominopelvic protocol. On the other hand, our DRLs are lower than those in Kenya (2015) for cerebral and chest CT-scans. Our patient-doses are then between DRLs of an industrialized country as France with very modern facilities and advance culture of optimization, and the DRLs of one country like Kenya which is comparable to Cameroon. While waiting for a national campaign for establishing DRLs, those determined in this sdudy can be used for optimization. Radiologist physicians should systematic include notification of DLP on radiological reports [5] .
Higher DRLs are observed on cerebral CT-scans as in Iran, Kenya and France [6] [7] [8] ; this can be explained by the presence of numerous high attenuating bony structures in the skull requiring the application of high doses for adequate images quality.
The great variability observed in patient-doses, mainly for the lumbar spine, is reflecting differences in protocols used in different services and the absence of DRLs on which professional could refer to self-regulate their practice. Several actions are to be undertaken to limit the irradiation of patients: lowering the high voltage (kV) and the tube current (mAs), reducing the scanning length and the tube rotation time, increasing slice thickness or pitch, using auto-exposure control or dose reduction software, and the training of staff [2] [6] . Regular awareness of medical imaging professional on radiation protection during staff, meetings and national and international meetings/workshops would also disseminate best practice and harmonize the best CT-scan protocols. There is also need for quality control of CT Equipment and audit of CT practices to alert professional in case of inappropriate practice.
This study was confronted with some limitations. First, the size of the sample, limited to five services due to a lack of resources to cover the whole country, some non functional machines during the data collection and the opposition of some health facilities. The second limitation is the absence of equipment to carry out a quality control on the machines before data collection. These limits are characteristic of a resource-limited country like ours and reflect the reality of everyday practice.
Despite these limitations, we have produced preliminary results which can already be used for optimization while waiting for national study for establishment of DRLs with the assistance of the competent authorities. Further work is also required to establish DRLs in pediatric CT and conventional radiography in Cameroon.
Conclusion
In Cameroon, DLP values of 1150 mGy•cm, 770 mGy•cm, 720 and 715 mGy•cm respectively for cerebral, lumbar spine, abdominopelvic and chest CT-scans can be used as diagnostic reference levels in CT imaging in adults. These values lie between the norms of European countries and those of African countries. There is remarquable variation in dose on the most common CT-scans examinations in Cameroon, requiring then an optimization process from these determined DRLs and establishment of national DRLs. Special attention to optimization should be paid when using 16 MDCT.
